of these vitamins in their patients, and as such, whether supplementation in all critically ill patients was in fact necessary remains uncertain. In addition, the prevalence of deficiencies of antioxidant and water-soluble vitamins remains unknown.
We investigated the prevalence of deficiencies of antioxidant vitamins (A and e) and the watersoluble vitamins (B 1 , B 12 and folic acid) at the time of intensive care unit (ICU) admission and its association with hospital mortality in this study.
MeTHODS
This prospective observational cohort study was conducted in a tertiary ICU of a university teaching hospital in Western Australia. Patients from all medical specialties are represented in this ICU, except acute liver transplantation. After obtaining approval from the institutional Quality Improvement Division of the local ethics Committee, 129 consecutive emergency and unplanned ICU admissions to the ICU over a period of two months were studied. The information collected included demographics, Acute Physiology and Chronic Health evaluation II score (APACHe II) and Sequential Organ Failure Assessment (SOFA) score 20 , diagnosis, source of admission, nutritional and vitamin supplementation supports provided and mortality outcome. Max SOFA was the maximum SOFA score of the patient within their first week in ICU and Delta SOFA (Δ SOFA) was the difference between admission SOFA and max SOFA during the first seven days of ICU admission. ' Admission' arterial blood concentrations of C-reactive protein (CRP), red cell thiamine, red cell folate and also Vitamin A, e and B 12 were obtained on admission (within the first 48 hours) to ICU. These samples were collected before any nutritional supplementation was commenced, other than vitamin supplementation intravenously which may have been administered in the emergency department, in another hospital prior to transfer, or by ward staff to patients who were subsequently admitted. Treating clinicians were blinded to the results of these blood tests and vitamin supplementation was based entirely on treating clinicians' clinical discretion. Patients were classified as deficient if the admission vitamin concentration was below the reference ranges quoted for healthy adult subjects.
Vitamin assays
Vitamin A (alpha-carotene and beta-carotene) and Vitamin e (alpha-tocopherol) were extracted from serum or plasma, along with Vitamin E acetate as internal standard, into hexane. The concentrations were measure by high-performance liquid chromatography on a programmable wavelength detector and compared with known standards 21 .
Serum and red-cell thiamine (RCT) concentrations (Vitamin B 1 ) were measured using a direct microbiological thiamine assay, employing a chloramphenicol resistant Lactobacillus fermenti strain as previously described 22 . Red cell concentrations were employed as the serum concentrations of antibiotics can attenuate the microbiological assay.
Red cell folate concentrations were determined by competitive immunoassay using the Immunolite 2000 ® kit. Serum Vitamin B 12 concentrations were determined by enzyme-linked immunosorbent assay using the Immunolite 2000 ® kit. Serum CRP concentrations were measured by an immunoenzyme analyser (Hitachi 917, Tokyo, Japan). The normal ranges of the vitamins measured are thiamine: 190 to 400 nanomol.l -1 , folate: 260 to 1450 nanomol.l -1 , B 12 : 160 to 725 picomol.l -1 , Vitamin A: 1 to 4 micromol.l -1 and Vitamin E: 18 to 46 micromol.l -1 .
Statistics
Continuous variables were analysed by t-tests, categorical variables and continuous variables with skewed distributions were analysed by χ 2 tests and Mann-Whitney tests, respectively. Nonparametric Spearman's rank correlation coefficient was used to assess the correlations between vitamin concentrations and indices of severity of illness, including the APACHe II score, admission SOFA score, max SOFA score, Δ SOFA and admission CRP concentrations. In the analysis of the relationship between hospital mortality and admission vitamin deficiencies, logistic regression analysis was used after initial univariate analyses. Two models were generated, one for the entire patient cohort excluding RCT (Model A) and the second including RCT but only applied to patients who had not received thiamine supplementation prior to ICU admission (Model B). In the modelling process, all potential prognostic variables were included initially but variables with a P value >0.25 were eliminated stepwise. A P value <0.05 was considered significant and all statistical tests were performed with SPSS for Windows (version 15, SPSS Inc, Chicago, Il, USA, 2001).
ReSUlTS
Among a total of 129 patients, 55 (43%) had a biochemical deficiency of one of the five vitamins on admission to the ICU, with Vitamin A and e deficiencies being particularly common (Table 1) . A total of 18 patients died (14%) during their hospital stay (15 of those in the ICU) and hospital mortality was significantly associated with age, APACHe II score, admission and max SOFA scores, and admission source in the univariate analyses (Table 1) . Patients admitted to the ICU from the wards were least likely to survive (odds ratio 0.039 to 0.736, P=0.018), but diagnostic subgroup had no influence. There was no significant relationship between vitamin deficiencies and mortality in the univariate analyses. The admission concentrations of vitamins differed between those who died and survived only for Vitamin B 12 , the concentration of Vitamin B 12 being higher amongst those who died (537 vs. 401 ρmol.l -1 , P=0.042) ( Table  2 ). The correlations between vitamin concentrations and severity of illness scores were weak, the only significant correlation occurring between Vitamin A (Table 4 ). b Odds ratio represents the odds associated with an increase in age of 10 years. c Odds ratio represents the change associated with an increase in RCF of 100 ηmoll -1 .
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Adm SOFA r (P value) concentration and max SOFA (Spearman's r=-0.324, P=0.003) ( Table 3 ). Moderate correlations between vitamin and CRP concentrations were demonstrated for Vitamins B 12 , A and e (Spearman's r=0.309, -0.541 and -0.299, P=0.001, 0.001 and 0.007 respectively). On day 1 the concentrations of Vitamins A and e were highly correlated (r=0.662, P=0.01) (Figure 1 ). In the multivariate analysis we examined the associations between hospital mortality, patient factors and vitamin concentrations. We entered the absolute values of vitamin concentrations on admission and factors in the univariate analysis that had a P value >0. 25 . The Hosmer-lemeshow χ 2 goodness of fit for the multivariate Model A was 12.204 (P=0.142) and for Model B was 4.197 (P=0.839) ( Table 4 ).
Max
DISCUSSION
This is the first study examining the association between the concentrations of water-soluble and antioxidant vitamins with hospital mortality in a cohort of emergently admitted ICU patients. The most important findings are that while deficiencies of these vitamins are common, their concentrations are not independently associated with hospital mortality and are therefore unlikely to be useful as predictors of outcome. The concentrations of the antioxidant vitamins did not correlate with severity of illness scores, but they did demonstrate moderately strong negative correlations with CRP concentrations. CRP concentrations have been previously used to predict organ failure and mortality in the critically ill 23 and hospital mortality on discharge from ICU 24 . Vitamin B 12 concentrations were positively correlated with CRP concentrations and were significantly higher in survivors. These findings reflect an association of vitamins A, e and B 12 with the inflammatory response, but they were not independently associated with mortality on multivariate analysis. It may be that they are acute phase reactants.
We have used the term "biochemical deficiency" to differentiate between a serum concentrate that is below the reference range for that compound, and a constellation of signs reflecting "clinical" deficiency. It is unknown whether serum concentrations of Vitamins A, e and B 12 reflect the inflammatory response as our data suggest, but we employed redcell thiamine and folate concentrations as these are known to reflect tissues stores and not to be affected by an inflammatory response 25 . Many studies focus on supplementation of nutrients in the critically ill. The important distinction needs to be made between correcting a biochemical deficiency (replacement therapy) and supplementation to raise concentrations to supraphysiological levels (pharmacotherapy). Few studies have succeeded in making this distinction, due to lack of knowledge regarding target ranges and failure to measure levels. We do not know what is the anticipated range of vitamin concentrations to be expected in patients with an active inflammatory process. Supplementation with water-soluble vitamins is common practice in the care of the critically ill as it is widely believed that the daily losses are higher than in healthy individuals 26, 27 . Thiamine requirements are increased in trauma patients and those with a history of excessive alcohol intake 14 . Biochemical folate deficiency has been previously found in 5% of patients with critical illness, with no difference between survivors and non-survivors 28 , while Vitamin B 12 concentrations were higher in non-survivors in the same study. Vitamin B 12 concentrations were significantly higher in non-survivors in our cohort. The interpretation of such findings is difficult due to many confounders and the lack of an appropriate reference range. Our work provides preliminary data to suggest that biochemical vitamin deficiencies (as defined by 'normal' reference ranges) are common in the critically ill. Most importantly, however, concentrations of the water-soluble vitamins on admission to our ICU were not independently associated with increased hospital mortality.
Critical illness, particularly sepsis, is associated with intense oxidative stress and consumption of endogenous antioxidants, particularly Vitamins A, C and E 5, 7, 29, 30 . Antioxidant vitamins are believed to be beneficial in such conditions, by abrogating the deleterious effects of free radicals 15, 16 . It has been suggested that daily intake of antioxidant vitamins in the critically ill should be closely monitored to ensure adequacy, as subnormal intake is associated with worsening oxidative stress 31 . Supplementation of trauma patients with prophylactic ascorbate and tocopherol was effective at increasing serum concentrations to supranormal levels, with no impact on mortality in a cohort of trauma patients 18 .
In a mixed population of critically ill patients, supplementation of enteral feeds with Vitamins A, C and E increased serum concentrations of the vitamins and enhanced resistance to oxidative stress with no evident difference in outcome 9 . A recent trial of antioxidant diet in patients with sepsisinduced lung injury demonstrated a dramatic 19.4% reduction in absolute mortality 32 . Our findings are consistent with these studies. We have demonstrated that biochemical deficiencies of Vitamins A and e are a common finding in the critically ill. The correlations with CRP concentrations and lack of an independent association with mortality in our patients would suggest that they are an epiphenomenon, possibly reflecting increased oxidative stress in systemic inflammation. Future trials to address the difference between supplementation or pharmacotherapy would be useful.
As this was an observational study, it may have been prone to bias. We tried to minimise this and account for it in our analyses. Our cohort represented a heterogeneous group of diseases requiring intensive care and individual group sizes are too small to make any meaningful inferences. The results of the vitamin assays were not available to the treating clinicians and therefore did not influence the decision to supplement with vitamins or to feed patients, and should not therefore have impacted upon outcome. We chose to prospectively examine emergently admitted patients as they tend to have a greater severity of illness and a higher attendant mortality 33 . The most important factor associated with mortality was APACHe II score. It has been shown that combining max SOFA or Δ SOFA with APACHe scores can improve the accuracy of risk adjustment in critically ill patients and we combined the organ failure scores to improve our estimate of the association of vitamin concentrations with mortality risk 34 . Although the association of APACHe II score with mortality is an expected finding, we chose to include it in our analyses as a measure of internal consistency. Failure to demonstrate this association would have cast doubt on the representative nature of the cohort and the robustness of our methodology. We limited the analysis of the influence of thiamine on mortality to those patients who had not received supplementation prior to the first blood sample, and this may have decreased the power of our study to detect an effect of this vitamin. The low mortality (14%) in the group as a whole, missing data and different times of blood sampling within the 'admission' period may also have eroded the power of the study. However, the two multivariate analyses produced similar results for the association of APACHe II score and outcome. The use of a propensity score to balance covariates would have been an alternative approach. We also did not measure concentrations of Vitamin C and thus our comments cannot be extrapolated to this antioxidant vitamin.
This was a preliminary study to determine the prevalence of biochemical deficiencies of commonly supplemented vitamins in a cohort of emergently admitted critically ill patients on admission, and to examine their association with mortality. It confirms that such deficiencies are very common in ICU patients. We did not identify an association between either vitamin concentrations or biochemical deficiency states on hospital mortality. It has been previously acknowledged that we have insufficient data regarding the behaviour of many vitamins and trace elements in the critically ill 11 . Until more data are available it is not possible to determine whether vitamin supplementation is to be considered replacement or pharmacotherapy and the mechanism of any effect on mortality is speculative. The next generation of studies which supplement vitamins/ trace elements in the critically ill should measure concentrations and assess the response to therapy. Such data would permit separation of the effects of 'supplementation' versus 'pharmacotherapy'.
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